Transport of muonic hydrogen and deuterium atoms in gaseous hydrogen and deuterium is studied in the diffusion approximation and by means of the multiple-collision expansion. The diffusion coefficient is derived. Numerical results of the time-dependent problem in slab geometry are presented for a number of initial energies, temperatures, and pressures.
I. INTRODUCTION
An understanding of the transport of muonic hydrogen and/or deuterium atoms in a medium of molecular hydrogen and/or deuterium is of interest in the analysis of muon experiments' and also in the study of muoncatalyzed fusion.
In this paper we develop a method for treating this transport which is basically a modified time-dependent diffusion theory, similar to the SelengutGoertzel method developed in the 1950s for treating neutron transport in H20 reactors. The muonic situation is considerably more complicated than the neutron case, because muonic atoms can be exited and de-excited between hyperfine states by colliding with the molecules.
The hyperfine splitting, negligibly small in the case of ordinary atomic hydrogen, is around 0.183 eV for muonic hydrogen because it is proportional to the muonic mass squared. Since the kinetic energy of the muonic atom during this diffusion process varies in the range from about 1 eV to thermal energy, we see that the hyperfine splitting cannot be ignored.
Actually, the kinematics for the processes considered here have been developed and published previously.
The results of Ref. 9 will be used extensively in the present work.
Since we are using a variant of diffusion theory, our results are not applicable to some of the experimental data, 
To develop a diffusion theory, the standard procedure is to expand the angular flux in a series of Legendre polynomials and retain only the first two terms:
We see that there is some ambiguity because the extrapolated endpoint is a function of energy and furthermore it is different for the singlet and triplet case. We use an average which should be a good approximation for thick slabs, where the second term in Eq (10b) Fig. 4 ). (25) where 4(") is the n times collided flux.
Here we present a low-order implementation of Eq.
(25), in which we retain only 4" and 4"', and neglect the rest. 4" is defined analytically by Eq. (17). Clearly, the source for 4"' are first collisions. We take this source to be isotropic, which is a good approximation.
Furthermore, we assume that all atoms contributing to 4"' travel with the average speed v1, i.e. , we model the continuous speed distribution of 4" ' by 5(u -u t ). In the case of elastic scattering, 3A +1
3A(A+1) ' ' (26) where A is the ratio of the masses of the target molecule and the muonic atom.
Then 4' " obeys the equation (1) ( 1) 1 84 (t x,p)
where E, = mu t l2 and the source S' " equals &ss(Eo } &rs(Eo) The once collided emerging flux X "(t), X'"(t)=2 f p+'"(t, d I2,p)dp, 0 can be found by numerical quadrature. Trapezoidal rule was used for numerical evaluation of formulas (29) 
which is the requirement of an optically thick slab, needed for the validity of the diffusion approximation in the first place.
The one-speed model of course cannot predict the initial decay in the emerging Aux, which is due to slowing down.
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